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RECOVERY DETERMINATION METHODS
AND RECOVERY DETERMINATION
APPARATUSES

TECHNICAL FIELD

This disclosure relates to recovery determination methods
and recovery determination apparatuses.

BACKGROUND OF THE DISCLOSURE

An athlete’s training program consists of two parts includ-
ing a stimulus phase and a rest phase. Training stimulus
triggers a physiological response in the body. During rest, the
body responds to the training stimulus through adaptation,
thus preparing itself to perform the same activity more effec-

tively and efliciently 1n the future. In other words, the athlete
gets fitter and can perform at a higher level. These gains occur
during the rest phase. If there 1s not adequate rest, an athlete’s
body can not sufliciently repair 1tself and the athlete 1s not
able to improve performance in subsequent training sessions
or races and performance may deteriorate 1n the absence of
adequate recovery.

It 1s often desired to balance effort with rest and recovery
for a successtiul training regimen. Too much rest means the
athlete 1s not stressing his body as much as he could and
therefore 1s not gaiming as much fitness as possible; too little
rest means the athlete does not achieve the adaptive gains
from the stress. Many athletes constantly struggle to find this
important balance and the question that most coaches and
athletes aim to answer 1s how hard to push and how much to
rest and being able to successiully determine this fine line can
often be the difference between winning and losing.

Due to the widespread use of scientifically proven tools
which measure training stimulus, elite athletes rarely struggle
to define the intensity, duration or volume of training stimulus
that they execute. However, athletes typically struggle to
define the amount of recovery to adapt to this training stimu-
lus. High training loads without adequate recovery will result
in reduced performance, which if continued for a prolonged
period can lead to chronic fatigue and overtraining syndrome.

At least some aspects of the disclosure are directed to
methods and apparatus for determining states of recovery of
individuals.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the disclosure are described
below with reference to the following accompanying draw-
Ings.

FI1G. 1 1s a functional block diagram of a system configured
to implement at least some aspects of the disclosure accord-
ing to one embodiment.

FIG. 2 1s a functional block diagram of a computing device
according to one embodiment.

FI1G. 3 1s a flow chart of one method of determining recov-
ery of an individual according to one embodiment.

FI1G. 4 1s a graphical representation of recovery of an 1ndi-
vidual according to one embodiment.

FI1G. 5 1s a graphical representation of recovery of an indi-
vidual according to one embodiment.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

L1

This disclosure 1s submitted 1n furtherance of the constitu-
tional purposes of the U.S. patent Laws “to promote the
progress of science and useful arts” (Article 1, Section 8).
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2

According to one embodiment, a recovery determination
method comprises accessing an iput for a recovery marker
which corresponds to a characteristic of an 1individual,
wherein the mput comprises data pertinent to the individual
for the recovery marker while the individual 1s at rest follow-
ing a period of exercise by the individual, processing the data
of the imndividual for the recovery marker, and determining
recovery information which 1s indicative of a state of recovery
of the individual using the processing.

According to an additional embodiment, a recovery deter-
mination method comprises accessing a plurality ol inputs for
respective ones of a plurality of different recovery markers
which correspond to respective ones of a plurality of different
characteristics of an individual, wherein the inputs comprise
data pertinent to the individual for respective ones of the
recovery markers, processing the data for the respective ones
of the recovery markers, and using the processing, determin-
ing recovery information regarding a state of recovery of the
individual after a period of exercise by the individual.

According to another embodiment, a recovery determina-
tion apparatus comprises an interface configured to recerve an
input for a recovery marker which corresponds to a charac-
teristic of an individual, wherein the mput comprises data
pertinent to the individual for the recovery marker while the
individual 1s at rest following a period of exercise by the
individual, and processing circuitry coupled with the inter-
face and configured to receive the data for the recovery
marker, process the data for the recovery marker, and deter-
mine recovery information which 1s indicative of a state of
recovery of the individual using the processing.

Methods and apparatus for determining the recovery of an
individual are described below according to some aspects of
the disclosure. In one example, the individual may be an
athlete who wishes to use recovery information generated by
the methods and apparatus of the disclosure and which 1ndi-
cates a state or level of recovery of the individual to assist with
a training program for the individual. More specifically, 1n
one aspect, the individual may provide data regarding one or
more recovery markers and the methods and apparatus of the
disclosure may provide recovery information in return which
1s indicative of the individual’s state of recovery following a
period of exertion (e.g., a training workout) performed by the
individual. In further example aspects, the individual may use
the recovery information to determine whether they are sui-
ficiently recovered to resume training or whether they are not
suificiently recovered and should rest an additional amount of
time before resuming exercise.

Referring to FIG. 1, some aspects of the disclosure are
described with respect to a system 10 depicted according to
one example embodiment. The system 10 includes a recovery
determination apparatus 12, a network 14 and a plurality of
clients 16 (e.g., which may be personal computers or other
appropriate devices arranged to communicate with apparatus
12) 1n the depicted embodiment.

The recovery determination apparatus 12 may be embod-
ied as a server which 1s configured to serve web pages to
clients 16. In addition, recovery determination apparatus 12
may perform processing of data entered by individuals inter-
acting with clients 16 to calculate respective recovery infor-
mation for the individuals as described below and which 1s
indicative of the individuals’ respective states of recovery at
moments 1 time corresponding to the entry of the data. Other
aspects of apparatus 12 are described below.

Network 14 comprises any suitable medium (e.g., Internet,
wide area networks, and/or local area networks) for commu-
nicating data intermediate the recovery determination appa-
ratus 12 and the clients 16. Other configurations are possible.
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For example, in another embodiment, software may be
provided to individuals who 1nstall the software on their
respective computers for use 1n practicing recovery determi-
nation aspects described 1n this disclosure without use of or
communication to an external server or other computer. In
such an example arrangement, the computer of the individual
may be considered to be the recovery determination apparatus
12 and such an apparatus 12 need not communicate with
external devices, such as a server, to implement aspects of the
disclosure. The recovery determination apparatus 12 may be
embodied 1n other configurations in other embodiments (e.g.,
personal computing devices, cellular phones, etc.). Some
aspects of the disclosure described below pertain to the con-
figuration of system 10 shown 1n FIG. 1 where the apparatus
12 1s implemented as a server although other aspects are not
limited to this described example.

Referring to FIG. 2, one embodiment of a computing
device 20 1s shown. In one implementation, recovery deter-
mination apparatus 12 implemented as a server 1s configured
as the described computing device 20. Clients 16 may also be
individually implemented as a computing device 20. In accor-
dance with some embodiments mentioned above, the com-
puting device 20 of an mndividual may be configured as the
recovery determination apparatus without communications
to a network or remote server.

Computing device 20 includes a communications intertace
22, processing circuitry 24, storage circuitry 26, and a user
interface 28 1n the depicted example. Other embodiments of
computing device 20 are possible including more, less and/or
alternative components.

Communications interface 22 1s arranged to implement
communications ol computing device 20 with respect to
external devices. For example, communications interface 22
may be arranged to communicate information bi-direction-
ally with respect to network 14. Communications interface 22
may be implemented as a network interface card (NIC), senal
or parallel connection, USB port, Firewire interface, flash
memory interface, floppy disk drive, or any other suitable
arrangement for communicating with respect to computing
device 20 and remote devices.

Processing circuitry 24 may comprise circuitry configured
to implement desired programming provided by appropriate
media 1n at least one embodiment. For example, the process-
ing circuitry 24 may be implemented as one or more of a
processor, controller and/or other structure configured to
execute executable mnstructions including, for example, soit-
ware and/or firmware 1nstructions, and/or hardware circuitry.
Exemplary embodiments of processing circuitry 24 include
hardware logic, PGA, FPGA, ASIC, state machines, and/or
other structures alone or 1n combination with a processor.
These examples of processing circuitry 24 are for 1llustration
and other configurations are possible.

The storage circuitry 26 1s configured to store program-
ming such as executable code or instructions (e.g., software
and/or firmware), electronic data, databases, 1mage data, or
other digital information and may include processor-usable
media. Processor-usable media may be embodied 1n any com-
puter program product(s) or article of manufacture(s) which
can contain, store, or maintain programming, data and/or
digital information for use by or in connection with an
istruction execution system including processing circuitry
in the exemplary embodiment. For example, exemplary pro-
cessor-usable media may include any one of physical media
such as electronic, magnetic, optical, electromagnetic, inira-
red or semiconductor media. Some more specific examples of
processor-usable media include, but are not limited to, a por-
table magnetic computer diskette, such as a floppy diskette,
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4

7z1p disk, hard drive, random access memory, read only
memory, flash memory, cache memory, and/or other configu-
rations capable of storing programming, data, or other digital
information.

At least some embodiments or aspects described herein
may be implemented using programming stored within
appropriate storage circuitry 26 described above and config-
ured to control appropriate processing circuitry 24. For
example, programming may be provided via appropriate
articles ol manufacture including, for example, embodied
within media discussed above.

User interface 28 1s configured to interact with a user
including conveying data to a user (e.g., displaying data for
observation by the user, audibly communicating data to a
user, etc.) as well as recerving mputs from the user (e.g.,
tactile nput, voice instruction, etc.). Accordingly, in one
exemplary embodiment, the user interface may include a
display (e.g., LCD, etc.) configured to depict visual informa-
tion and an audio system as well as a keyboard, mouse and/or
other input device. Any other suitable apparatus for interact-
ing with a user may also be utilized.

In one embodiment, an individual accesses recovery deter-
mination apparatus 12 to attempt to determine their respective
state of recovery at the present moment in time. In one
example, individuals input data to a respective client 16 on a
periodic basis (e.g., daily) and the data 1s subsequently com-
municated to server 12. The data may be inputted to apparatus
12 1n any suitable manner. For example, a user may manually
input data via the user mterface 28. In another example,
hardware measuring data of the individual (e.g., pulse oxime-
ter) may communicate the data to apparatus 12. As described
in further detail below, the data corresponds to one or more
recovery marker and may include objective data (e.g., quan-
titative data of the individual) as well as subjective data (e.g.,
subjective opinions of the individual).

The apparatus 12 processes the data provided by the 1ndi-
vidual and determines recovery information which is indica-
tive of the state of recovery of the individual at a moment in
time corresponding to the data for the recovery markers. In
one embodiment, the apparatus 12 provides the recovery
information 1in the form of a recovery score which may be
used to determine the state of recovery of the individual and
the 1individual may use the recovery information to make
decisions regarding future training 1n one example described
further below. In one more specific example, the determined
recovery score 1s a numerical representation which 1s used
with predefined ranges of scores to indicate the particular
state of recovery of the mdividual which corresponds to the
inputted data for the individual. The recovery information
may be communicated to the respective client 16 for viewing
or other consumption by the respective individual.

As mentioned above, data regarding one or more recovery
marker may be inputted by the individual. Recovery markers
pertain to different characteristics of an individual (e.g., dii-
ferent objective and/or subjective parameters or variables
regarding the individual) and the inputted data comprises data
particular to the individual for the respective recovery mark-
ers. In one embodiment, the data 1s particular to a common
moment 1n time for which the individual desires to determine
their state of recovery. Examples of objective and subjective
recovery markers are described below.

In one embodiment, 1t 1s desired that the data which 1s
inputted by the individual corresponds to a moment in time
when the individual 1s at rest (e.g., at least one hour after the
individual has exercised). Accordingly, in one embodiment,
the data which 1s mputted for the recovery markers by the
individual corresponds to a period of rest for the individual in
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between periods of exercise (e.g., in between work-outs of a
training plan). Put another way, the individual’s data corre-
sponds to measured or determined values for quantitative
markers and/or responses for subjective markers while the
individual 1s resting or otherwise within a period of rest for
the individual. In addition, the individual may input the data
on a periodic basis, for example daily. In one specific
example, the individual may input the data at the same time of
day (e.g., early 1n the morning) for consistency.

In one embodiment, the data is processed to provide recov-
ery mformation including a plurality of marker scores for
respective ones of the markers. The marker scores may be
combined to provide additional recovery information in the
form of a recovery score 1n one embodiment as described 1n
turther below.

A plurality of recovery markers are described below for
which the user inputs objective data values or subjective data
responses for use 1n determination of the recovery informa-
tion for the individual according to one embodiment. These
example recovery markers are characteristics which are
indicative of a state of recovery of the individual, intluence
fatigue, have a measurable impact on performance, or are
s1gns or symptoms of overreaching in the described embodi-
ment. In one embodiment described further below, all of these
recovery markers are used to calculate the individual’s recov-
ery information. In other embodiments, an individual may
respond to less than all of the recovery markers. However, 1t
1s believed that the greater the number of these recovery
markers that an athlete 1s able to accurately and regularly
monitor, the greater the value and validity of the recovery
information.

Initially, a plurality of objective/quantitative recovery
markers are discussed including resting heart rate, oxygen
saturation, body mass and sleep (the sleep recovery marker
also includes a subjective component regarding quality of
sleep). Thereaftter, a plurality of subjective recovery markers
are discussed including energy level, mood state, hydration
level, previous training performance, well-being, muscle
soreness, and appetite. The data inputted for the subjective
recovery markers may be self-assessed subjective opinions of
the individual with respect to themselves which corresponds
to the moment 1n time when the data for the quantitative
recovery markers 1s ascertained and when the state of recov-
ery 1s to be determined for the individual 1n one embodiment.
The data for subjective recovery markers may also be quan-
tified objectively in some embodiments. For example, the
previous training performance recovery marker may be quan-
tified using objective data of wattage and heart rate 1n one
embodiment. The apparatus 12 may process the individual’s
data for one or more of the recovery markers to determine the
recovery information of the mdividual 1n one embodiment.
The described recovery markers are example markers used 1n
one embodiment and more, less and/or alternative markers
may be used in other embodiments.

In addition, one specific method 1s described 1n one
embodiment which generates marker scores for respective
ones of the recovery markers and calculates a recovery score
by combining (e.g., adding) the calculated marker scores. The
range ol recovery scores 1s based upon a scale of 100 1n the
described example. Furthermore, 1n the following example,
the individual marker scores are weighted differently where
the weighting (1.e. number of possible points) which an 1ndi-
vidual recovery marker contributes to the recovery score 1s
based upon the respective recovery marker’s predictive reli-
ability (1.e. how well scientific studies have established 1its
correlation 1s to fatigue). Other recovery markers and/or
welghtings may be used in other embodiments. Other meth-
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ods apart from the described example embodiments are pos-
sible for determining recovery information. In addition, other
methods apart from the following example methods of pro-
cessing data to calculate marker scores for the individual
recovery markers may be used in other embodiments.

The user may provide data for the first recovery marker of
resting heart rate using a heart rate sensor or pulse oximeter.
Resting heart rate may be monitored during sleep or first-
thing 1n the morning, before getting out of bed in some
examples. Day-to-day variations in resting heart rate of
approximately 5% are common and not usually associated
with fatigue or stress. However, increases of greater than 5%
are typically reported 1n fatigued or acute overreached (sym-
pathetic) individuals.

In the presently described example embodiment, the
marker score for the resting heart rate recovery marker may be
calculated as a percentage increase of that day’s measurement
over a baseline. In one embodiment, the baseline may be
established from the average of the three-week period ending
three days prior to the day of measurement 1n one example
which 1s sufliciently long to smooth out variations in daily
measurement but not suificiently long that the individual can
significantly lower his resting heart rate through training dur-
ing this time, and creating the risk that an elevated resting
heart rate will not be detected. The described example base-
line does not 1include the most recent three days so that 1f an
individual was already in a sympathetic state during the past
three days, the baseline will not be artificially increased. The
resting heart rate data may be provided by a pulse oximeter in
one embodiment.

In one embodiment, the marker score for this resting heart
rate recovery marker starts at 20 positive points and the appa-
ratus 12 begins to deduct points when the resting heart rate 1s
clevated by 5%. Points are deducted according to a polyno-
mial equation such that increases of 25% or more result 1n the
loss of 20 points from the overall recovery score in one
embodiment. Decreases 1n resting heart rate do not atfect the

recovery score. An example formula for determiming the
marker score once the resting heart rate 1s elevated by 5% 1s
the cubic equation 0.0009x°+0.0038x7+0.0515x+2.6008
where x 1s calculated from the individual’s inputted data (e.g.,
X 1s the percentage of the resting heart rate above the baseline
in one example). The apparatus 12 may take twenty minus the
output of this formula to determine the marker score in one
embodiment. Other methods apart from the explicitly-dis-
closed example embodiment are possible for determining and
using the resting heart rate marker score.

Oxygen saturation may highlight the risk of anemia (de-
creased number of red blood cells i the blood). Oxygen
saturation (SP02) in healthy individuals at sea level or at an
altitude to which they have acclimatized is consistently
between 953% and 99%. Oxygen saturation below 90% may
indicate anemia, which 1s usually associated with weakness
or fatigue. Readings below this level may indicate that the
body 1s stressed from adapting to altitude, may be an early
sign of anemia (decreased number of red blood cells in the
blood), or may indicate the onset of other 1llnesses such as
influenza, incipient bronchitis or some form of cellular per-
fusion compromise.

An 1ndividual may use a pulse oximeter to determine their
oxygen saturation which may be mputted by the individual
into the apparatus 12 for use 1n calculating the marker score
for oxygen saturation. Because a normal SP0O2 reading 1s not
a positive indicator of recovery, the SP02 marker score 1s zero
or negative 1n the described example embodiment and 1t can-
not contribute positive points. In one specific example, points
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are deducted when the SP0O2 reading 1s below 95%, and 1t
deducts points on a linear scale until 10 points are deducted
for readings of 90% or lower.

A user may use a calibrated scale to provide data to the
apparatus 12 regarding their body mass for use 1n determining
a body mass marker score. Rapid reduction in body mass may
occur as a result of fluid and/or substrate loss which may both
alfect performance. An acute body mass loss of 2% or greater
can adversely affect cognitive and physical performance.
Regular monitoring of pre-breakiast body mass may aid 1n
optimizing tluid and energy balance.

In one example embodiment, the body mass marker score
1s calculated as a percentage increase of that day’s measure-
ment over a baseline that 1s established from the mean of the
prior week’s readings. For example, the apparatus 12 may
initially assign five positive points for the body mass marker
score and deduct points for decreasing body mass with
respect to baseline in one embodiment. In one example, a
body mass loss of 0-1% with respect to the baseline results in
the loss of 0 points. A body mass loss of 1-2% with respect to
the baseline results 1n the loss o1 2 points. A body mass loss of
2-3% with respect to the baseline results 1 the loss of 3
points. A body mass loss of 3-4% with respect to the baseline
results 1n the loss of 4 points. A body mass loss of >4% with
respect to the baseline results 1n the loss of all 5 points.

In the described example, sleep may also be used as a
marker to determine recovery of the individual. Sleep distur-
bances are common to athletes during periods of high training
load or competition. Either, or both, sleep volume (objective)
and quality (subjective) can be aflected by intense training.
Additionally, sub-optimal sleep can lead to compromised
recovery. In this way, sleep can be a predictive as well as a
diagnostic marker.

In one embodiment, both quantity and quality of sleep are
utilized to generate a marker score for sleep. This marker
score 1s calculated as a weighted average of the past three
days, with more recent data recerving a heavier weighting 1n
one embodiment. For each night of sleep, a sleep metric score
1s calculated based on the product of the number of hours slept
and the quality of sleep, rated subjectively as “better than
normal,” “normal,” or “worse than normal,” with these ratings
receiving S5, 3, and 1 points respectively in one embodiment.
I1 this product 1s greater than 26, the sleep metric 1s 30; 1f this
product 1s less than one, the Sleep Metric 1s O; 11 this product
1s between 1 and 26 inclusive, the sleep metric equals 30-1.2x
(26—(the product)) 1n one embodiment. The formula for
determining the total sleep marker score for the present day
adds 6 the value from three night’s prior to 14 the value of
two night’s prior and then to %2 the value of the prior night in
one embodiment. This weighting reflects the cumulative
elfect of sleep on recovery 1n the described embodiment.

Subjective level of energy i1s related to physiological,
immunological and psychological markers of fatigue. In the
described example, an energy level marker score 1s calculated
based upon a response of the individual. In one embodiment,
the marker score 1s based on the user’s subjective self-assess-
ment using the scale of “better than normal,” “normal,” or
“worse than normal.” Although subjective, this variable has
been demonstrated to have a high inverse correlation with
fatigue. As such, 1t contributes 20 positive points for a “nor-
mal” rating 1n one embodiment. An additional eight points are
added for a “better than normal” rating, and all points are
deducted for a “worse than normal” rating in the described
example.

The mood of the individual may also be used to calculate a
marker score. General apathy, mood swings, and feelings of
depression or anxiety are often indicative of fatigue, illness or
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overreaching and are commonly associated with underpertor-
mance. The mood marker score 1s based on the user’s seli-
assessment using responses of the mndividual of “better than
normal,” “normal,” or “worse than normal,” 1n one embodi-
ment. It contributes five positive points for a “normal” rating,
an additional point 1s added for a “better than normal” rating,
and all points are deducted for a “worse than normal” rating 1n
one embodiment.

In the described example, hydration level of the individual
1s also used to calculate a marker score. Pre-training dehy-
dration can compound the effects of prolonged activity on
fluid balance. Dehydration of 2% or more can negatively
impact cognitive and physical performance and can also
alfect immune status, body temperature and cardiac output.

In one embodiment, the hydration level marker score 1s
based on the individual’s assessment of urine color, where
darker colors indicate dehydration and result 1n score deduc-
tions. A urine color chart may be used to provide a useful
indication of fasted hydration status. Clear or pale yellow
urine earns a hydration level marker score of five positive
points, while yellow earns three points, and dark yellow
results 1n a loss of all five points 1n one example.

Another marker which may be used 1s previous training
performance. Performance 1s a valid indicator of fatigue or
overreaching. Prolonged underperformance 1s a reliable indi-
cator of overtraining. In the described example, the marker
score 1s based upon the user’s subjective seli-assessment
using the scale of “better than normal,” “normal,” or “worse
than normal.” In one embodiment, five positive points are
provided for a “normal” rating, an additional point 1s added
for a “better than normal” rating, and all points are deducted
for a “worse than normal” rating. I1 the user did not train the
previous day a score of six 1s assigned in the described
embodiment.

Another marker score may be calculated based upon well-
being of the individual 1n the described embodiment. Head-
aches, nausea, diarrhea, and sore throat are all common symp-
toms ol stress, fatigue and illness. Symptoms of upper
respiratory tract infections are common to athletes and it
prolonged, may indicate overtraining. The wellbeing marker
score 1s determined by the user’s indication of the presence or
absence of signs of 1llness 1n the described embodiment. The
absence of these signs earns ten points, while their presence
reduces the value to zero in one embodiment.

The apparatus 12 may also calculate a marker score for
muscle soreness 1n one embodiment. Delayed onset of muscle
soreness (DOMS) 1s a normal reaction to high training inten-
sity, which can increase the risk of injury it followed by
insuificient rest. Persistent muscle soreness may indicate an
increased risk of overuse mjury and overtraining syndrome.
In the described embodiment, the muscle soreness marker
score 1s determined by the user’s indication of the presence of
muscle soreness. The absence of soreness earns a marker
score of five points while 1ts presence reduces the value to
Zero 1n one example.

Appetite 1s also used as a marker score 1n one embodiment.
Appetite typically decreases with high training load and
fatigue, which can result in negative energy balance. Inad-
equate carbohydrate intake can lead to earlier onset of over-
reaching symptoms and impaired performance, while mnsui-
ficient protein and micronutrient intake may have a direct
impact on immune function, protein synthesis and recovery
from training. The appetite marker score 1s determined by the
user’s self-assessment of appetite. A “normal” appetite earns
five points while a suppressed appetite reduces the value to
zero 1n one embodiment.
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Recovery information may be determined following entry
of data for individual ones of the recovery markers by the
individual. In one embodiment, the apparatus 12 uses the data
inputted by the individual to calculate a plurality of marker
scores for mndividual ones of the recovery markers. In one
example embodiment, the marker scores for all of the markers
are summed and 1n the above-described example, there are a
total of 120 possible points. In one embodiment, the appara-
tus 12 divides the sum of the marker scores by 1.2 to deter-
mine the recovery score on a scale of 0-100 for the day
corresponding to the data entered by the user. In another
example, each of the marker scores may be divided by 1.2 and
therealfter summed together to determine the recovery score.
Some example embodiments of graphical representations of
recovery information are discussed below with respect to
FIGS. 4-5.

Referring to FIG. 3, a method for determining recovery
information of an individual is illustrated according to one
embodiment. The depicted method may be implemented by
computing device 20 which may be embodied as a server 1n
the example arrangement of FIG. 1, a personal computer of
the individual in another arrangement, or 1n any other suitable
arrangement. Other methods are possible mcluding more,
less and/or alternative acts.

At an act A10, the apparatus accesses 1mputs for the indi-
vidual. The accessed inputs may include data pertinent to the
individual at a desired interval (e.g., every morning) and
include data regarding one or more recovery marker for the
individual when the data 1s entered. The data of the inputs for
the mndividual for a given interval correspond to a moment in
time when the user 1s at rest (e.g., a resting period between
periods of exercise 1n one example) and pertain to a moment
in time for which the state of recovery for the individual 1s to
be determined. The data may include objective data (e.g.,
quantitative data) and subjective data as discussed above.

Atan act Al2, the apparatus processes the data of the inputs
of the individual. In one embodiment, the data of the mputs
correspond to one or more of a plurality of different recovery
marker(s) and the data of the inputs are processed for use in
determination of the recovery information.

At an act Al4, the apparatus determines recovery informa-
tion which 1s indicative of a state of recovery of the individual
using the processing of the data. In one embodiment, the data
accessed by the apparatus 1s processed into recovery infor-
mation 1n the form of one or more marker scores which may
be combined to generate additional recovery information in
the form of a recovery score which 1s indicative of the state of
recovery of the individual for the day when the data 1s entered.
In one more specific example, the apparatus sums the marker
scores to determine the recovery score. The individual may
utilize the recovery score to make decisions regarding future
training in one embodiment (e.g., whether or not to train and
an appropriate level of training).

At an act A16, the recovery information may be depicted
for example as shown 1n FIGS. 4 and 5. In addition, one or
more of the marker scores may be selected by a user for
depiction using the apparatus. The recovery mnformation may
be conveyed to the individual i any suitable manner.

At an act A18, the apparatus may propose a plan for future
training for the individual based upon the calculated recovery
score 1n one embodiment. For example, the apparatus may
propose that the individual has reached a sufficient level of
recovery from previous exercise and can proceed to train in
one example. In another example, the apparatus may provide
a plan that advises that the individual has not yet reached a
suificient level of recovery and the individual should rest
based upon the recovery score.
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Reterring to FIG. 4, one embodiment of a visual represen-
tation of recovery information 1s shown in the form of an
example graph 30. The wvisual representations may be
depicted using a user intertace of the computing device in one
embodiment. Other visual representations for depicting
recovery information may be used i other embodiments.

The illustrated graph 30 1llustrates a two-week time frame
on the x-axis and a recovery score scale on the y-axis. A
plurality of recovery scores 32 are shown corresponding to
individual days 1n the depicted embodiment. A plurality of
bars 34 are also shown corresponding to the recovery scores
32. Individual ones of the bars 34 include a plurality of por-
tions 36 which correspond to respective ones of the recovery
markers indicated by the legend 37 which may be different
colors 1n one embodiment. In one embodiment, the sizes of
the portions 36 correspond to the values of the respective
marker scores for the recovery markers and which were cal-
culated based upon the data inputted by the individual. The
marker scores are positive values except for oxygen satura-
tion (SpO2) 1n the illustrated example. The 1llustration of the
portions 36 of different sizes depicts the different contribu-
tions of the individual marker scores for the recovery markers
to the recovery score 1n one embodiment. Some of the bars 34
include less than all of the possible recovery markers indicat-
ing that the individual did not provide data for the recovery
marker or the marker score for the recovery marker was zero
for the given day for the individual. The individual marker
scores have been divided by 1.2 prior to summations to deter-
mine the respective recovery scores 32 in the depicted
embodiment.

The recovery information may be used to 1dentily one of a
plurality of different states or levels of recovery of an 1ndi-
vidual (i.e., quantily the level of recovery) in one embodi-
ment. As mentioned above in one example, the recovery
information may be provided in terms of a recovery score 32.
Recovery score 32 1s within a scale of 0-100 in the described
embodiment. The y-axis may be divided into a plurality of
portions 38 to facilitate an individual’s understanding of the
recovery scores 32 1 one embodiment. The imndividual por-
tions 38 correspond to different ranges of recovery scores
(e.g., 95+, 95-85, 83-75, 75-63, etc.) and which indicate dii-
ferent states or levels of recovery for the individual in one
embodiment. In one implementation, the portions 38 may be
color coded to facilitate the individual’s understanding of the
recovery scores. In one specific example, the upper most
portion 38 corresponding to “fully recovered” recovery
scores ol 95+ may be dark green while the lowest most
portion corresponding to “overtrained” recovery scores of 5
or below may be dark red. The intermediate portions 38 may
transition from dark green to dark red for ease 1n reading the
results of the graph 30. Other display embodiments are pos-
sible, including for example, using different colors for indi-
vidual ones of the portions 38.

Therecovery scores and different levels of recovery may be
used to propose a plan of future training for the individual 1n
one embodiment. For example, for recovery scores >=95: the
apparatus may indicate that the individual 1s fully recovered
and may implement full training. Recovery scores of >=85
may indicate that the individual’s recovery 1s almost com-
plete and they are ready to train. Recovery scores of >=75
may indicate that the individual 1s showing minor signs of
reduced recovery, but the mdividual seems to be absorbing
the current training load well. Recovery scores of >=65 may
indicate that the individual 1s showing signs of reduced recov-
ery or having difficulty in maintaiming the current training
load and may advise the individual to proceed training with
caution. Recovery scores of >=55 may indicate that the indi-
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vidual 1s not sufliciently recovered or the individual 1s over-
reaching and the individual should consider resting. Recov-
ery scores ol >=435 may indicate that the individual 1s not
recovering suiliciently and rest 1s strongly recommended.
Recovery scores of >=335 may indicate that even i1 the indi-
vidual 1s intentionally over-reaching, the individual has prob-
ably pushed themselves too hard and they should rest for a
few days. Recovery scores of >=25 may indicate that the
individual’s recovery 1s substantially depressed and contin-
ued exercise will likely lead to overtraining, illness or injury.
Recovery scores of >=135 may indicate that several systems
are over stressed and the individual 1s advised to consult with
a medical professional before continuing training. Recovery
scores of <15 may indicate that the individual 1s showing
multiple signs of overtraining and a medical professional
should be consulted as soon as possible.

Referring to FI1G. 5, another visual representation of recov-
ery information 1s shown 1n one example embodiment 1n the
form of a graph 50. Graph 50 depicts a line 52 which corre-
sponds to recovery scores 32 without the depiction of the bars
34 of FIG. 4. In addition, a plurality of lines 54, 56, 57
corresponding to the respective markers scores for the recov-
ery markers sleep, energy and mood are also shown. The
format of graph 50 shows the contribution of three recovery
markers to the recovery scores 32 1n one embodiment. More,
less and/or alternative marker scores may also be selected by
the individual for display relative to the line 52 for the recov-
ery scores 32.

In one embodiment, the recovery information provided by
the apparatus 1s a useful component of a coherent training
program, as athletes may rely on 1t to understand how they are
responding to a training load. The recovery information may
be used 1n a number of ways including training plan optimi-
zation where the goal 1s structuring a long-range training plan
to introduce an athlete to training loads that are effective in
improving performance, and to balance these loads with
recovery for the athlete’s body to adapt to the stimulus. Dur-
ing this example process—known as “periodization”—an
athlete goes through several stages of traiming load, or
“phases” and these stages range from undertraining during
the period between competitive seasons or during active rest/
taper, to overreaching, a phase which will feature poor adap-
tation and diminished competitive performance.

Although periods of overreaching are necessary to intro-
duce conditions for positive physiological adaptation, when
prolonged, these periods may coincide with other stressors
and 1nsuificient recovery may ensue. Performance decre-
ments may result in chronic maladaptations, leading eventu-
ally to overtraining syndrome (OTS). In other words, success-
tul tramning mvolves stimulus overload while avoiding the
combination of excessive training and inadequate recovery.
The recovery information described herein may assist ath-
letes and coaches with making informed, intelligent decisions
within the context of their training plans. By expressing an
athlete’s state of recovery, the recovery information may help
an athlete maximize the results from each training session,
and may provide information regarding the magnitude and
frequency of the periodization cycles within a training plan.

It 1s believed that aspects of the disclosure for providing
recovery information offer benefits to various individuals
including, for example, coaches seeking to understand their
athlete’s bodies (supervision), to athletes who seek to maxi-
mize performance at a target date 1n the future (self-direc-
tion), to athletes who don’t understand what it 1s like to be
over-trained (education) and to athletes seeking to pursue
performance after an extended period of time off (re-calibra-
tion).
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The recovery information may also be used for ijury
prevention 1 one aspect. For example, four causes of
mechanical injuries arise from participation in sports. With
the notable exception of blunt trauma (e.g., as a result of a
collision), the causes can be traced to the relationship
between training stimulus and recovery. For example, soft
tissue damage occurs through direct or indirect trauma to
muscles, ligaments, and joint capsules. Direct trauma refers
to an mjury occurring from sudden overload, and 1s known as
macrotrauma, 1.¢., true muscle tear or ligament sprain. In
contrast, indirect trauma results from repeated submaximal
loading, leading to clinical signs and symptoms.

Injury presents itself 1n three stages: acute, subacute/over-
use, and acute/chronic. The acute stage of direct trauma stems
from sudden overloading, or macrotrauma (e.g. a 100 meter
runner exploding out of the starting blocks), and often occurs
during competition when athletes push themselves beyond
the levels achieved during training. Muscle pulls, torn con-
nective ftissue, extreme dehydration and psychological
trauma can all be experienced by athletes who push them-
selves to their absolute limits during competition.

The risk of 1injury 1s increased among athletes in two sce-
narios which the recovery information provided herein may
help athletes avoid. In the first scenario, the athlete has not
recovered adequately from training to let their connective
tissue repair 1tself completely before the competition, leaving,
it more vulnerable to 1injury. Over time, the recovery infor-
mation provided herein 1n one aspect helps athletes reduce
this risk by letting them know how much rest they need to
recover Tully between training and competition. In the second
scenar1o, the athlete has not prepared adequately for the
increased load of competition. The recovery information may
be used to indicate to an athlete that they are consistently “too
recovered” (1.e. not traiming hard enough) during the prepa-
ration period for a key event, or if they have not completed
enough hard training to support an increase 1n training load.

The subacute/overuse stage occurs when increased train-
ing stimulus load combines with insutficient recovery within
a periodization cycle. Excessive cumulative loading can
degenerate body tissues leading to microtrauma of connective
and muscular tissue and an accompanying inflammatory
response (€.g. Achilles tendinitis 1n the endurance athlete or
runner), and to compromised cardiovascular components.
This may in turn lead to catastrophic failure of the musculo-
skeletal structure, or chronic cardiovascular fatigue. Ironi-
cally, these types of overtraining 1njuries are frequently seen
in the months following an athlete’s increase in training
capacity. As litness increases, so does traiming appetite. But
the body can require a surprisingly long time to respond to
increased training loads (few athletes can absorb annual
increases greater than 10%). The recovery information pro-
vided herein may 1n one aspect be used to help athletes under-
stand how well they are adapting to increased traiming loads,
which will lead to confident, informed decisions about when
to increase load and when to allow body tissues to recuperate.

The chronic stage results from insutlicient recovery during
extended periods of incremental over-reaching. Since peri-
odic over-reaching 1s used for positive adaptation, the risk of
chronic over-reaching 1s high. Problematically, 11 an athlete
undergoes extended high volumes of training, performance
will be compromised even though fitness will increase. In the
absence of an objective measure of their state of recovery, an
athlete will be unaware of this emerging risk, as their
increased fitness will mask, for some time, suboptimal per-
formance. After several months of this condition, chronic
over-use 1njuries such a tendonosis, tendonitis, aggravated
intra-muscular swelling, bursitis, and many others may
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develop. Beyond over-reaching, which at times will be inten-
tional, lies the state known as “over training syndrome”. For
any athlete, OTS 1s catastrophic, and can require months, 1f
not years, for full recovery. It 1s logical to conclude that 1f an
athlete were to avoid a condition of chronic over-reaching,
then OTS will not be possible. The recovery information may
be used to identily incipient chronic over-reaching long
betfore an athlete begins to experience the symptoms associ-
ated with 1t 1n one aspect.

The recovery mformation may also be used for illness
prevention 1n one aspect. For example, in addition to ijury
from tissue damage and cardiovascular fatigue, athletes who
train chronically without adequate recovery risk the deterio-
ration of various wellbeing markers. These include persistent
upper respiratory tract infections, low-grade anemia, bron-
chitis, neuro-muscular disorders, arrhythmia, and a wide vari-
ety of illnesses not commonly associated with otherwise
“healthy” and active athletes. By consistently monitoring the
recovery information, an athlete will be able to avoid chronic
over-reaching that leads to these health complications.

The apparatus and methods described herein enable 1ndi-
viduals to determine their state of recovery from previous
exertion by entering data and without going to a laboratory.
Athletes may use the recovery information to determine his or
her actual state of recovery, and to maximize the efficacy of
their traiming in one embodiment. In one example use, the
recovery information may be used to ensure that the athlete
has suiliciently recovered from prior stimulus so they are
ready to extract the maximum benefit from subsequent
clforts. Other times, the recovery information may be used for
monitoring intentional “over-reaching” conditions where
repeated workouts without adequate recovery are performed
so when the athlete finally rests, the body “supercompen-
sates” and takes an incremental leap 1n fitness, for example,
betfore a key athletic competition. Using the recovery infor-
mation to provide information regarding an individual’s state
of recovery gives athletes a clear view of their physiological
response to training stimulus. The recovery information
herein may be used to help athletes shape the contours of a
coherent, 1ntelligent training plan as described above i one
embodiment.

In compliance with the statute, the invention has been
described in language more or less specific as to structural and
methodical features. It 1s to be understood, however, that the
invention 1s not limited to the specific features shown and
described, since the means herein disclosed comprise pre-
terred forms of putting the invention into effect. The invention
1s, therefore, claimed 1n any of its forms or modifications
within the proper scope of the appended claims appropriately
interpreted 1n accordance with the doctrine of equivalents.

Further, aspects herein have been presented for guidance in
construction and/or operation of illustrative embodiments of
the disclosure. Applicant(s) hereot consider these described
illustrative embodiments to also include, disclose and
describe further inventive aspects 1n addition to those explic-
itly disclosed. For example, the additional inventive aspects
may include less, more and/or alternative features than those
described 1n the illustrative embodiments. In more specific
examples, Applicants consider the disclosure to include, dis-
close and describe methods which include less, more and/or
alternative steps than those methods explicitly disclosed as
well as apparatus which includes less, more and/or alternative
structure than the explicitly disclosed structure.

What is claimed 1s:

1. A recovery determination method comprising:

accessing a plurality of inputs for a plurality of different

recovery markers which correspond to a plurality of
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different characteristics of an individual, wherein the
inputs comprise data pertinent to the individual for the
respective recovery markers while the individual 1s at
rest following a period of exercise by the individual;

using processing circuitry, processing the data of the 1indi-
vidual for the recovery markers including weighting the
data for the different recovery markers differently cor-
responding to different predictive reliabilities of the dif-
ferent recovery markers as being indicative of fatigue of
the individual; and

using processing circuitry, determining recovery mforma-

tion which 1s indicative of a state of recovery of the
individual using the processing of the data.

2. The method of claim 1 wherein the determining recovery
information comprises calculating a recovery score which
indicates one of a plurality of different states of recovery for
the individual.

3. The method of claim 1 wherein at least one of the
accessed mputs 1s based upon a self-assessed subjective opin-
ion of the individual with respect to themselves at a moment
in time when the state of recovery 1s to be determined.

4. The method of claim 1 wherein the processing com-
prises, using the data for the different recovery markers,
determining a plurality of marker scores which correspond to
respective ones of the different recovery markers using a
plurality of different weightings which correspond to the
different predictive reliabilities of the different recovery
markers as being indicative of fatigue of the individual, and
wherein the determiming comprises determining a recovery
score using the marker scores.

5. The method of claim 4 further comprising generating a
visual representation of the recovery score and an individual
one of the marker scores.

6. The method of claim 5 wherein the visual representation
depicts contributions of the marker scores to the recovery
score.

7. The method of claim 1 further comprising, using the
determined recovery information, proposing a plan regarding
training of the individual 1n the future.

8. The method of claim 1 wherein one of the accessed
inputs comprises a number of heart beats for one of the
recovery markers which 1s a resting heart rate for the indi-
vidual.

9. The method of claim 1 wherein the weighting comprises
weilghting the data of one of the recovery markers to contrib-
ute an increased amount to the recovery mformation com-
pared with weighting the data of another of the recovery
markers as a result of the one recovery marker having an
increased predictive reliability as being indicative of fatigue
ol the individual compared with the another recovery marker.

10. The method of claim 1 turther comprising selecting the
different recovery markers based upon the predictive reli-
abilities of the different recovery markers as being indicative
of fatigue of the individual.

11. A recovery determination method comprising:

accessing a plurality of mputs for respective ones of a

plurality of different recovery markers which corre-
spond to respective ones of a plurality of different char-
acteristics of an individual, wherein the inputs comprise
data pertinent to the individual for respective ones of the
recovery markers;

using processing circuitry, processing the data for the

respective ones ol the recovery markers including
welghting the data for the different recovery markers
differently corresponding to different predictive reli-
abilities of the different recovery markers as being
indicative of fatigue of the individual;
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using the processing, determining recovery information
regarding a state of recovery of the individual; and

wherein the data of one of the recovery markers comprises
objectively measured data, and the determining com-
prises combining the objectively measured data with
data of another of the recovery markers which i1s a sub-
jective opinion of the mndividual.

12. The method of claim 11 wherein the imputs comprise

the dataregarding the individual at a moment in time when the
individual 1s at rest following a period of exercise.

13. The method of claim 11 wherein the recovery markers
are different indicators of fatigue 1n the individual.

14. The method of claim 11 wherein the data of the one
recovery marker 1s indicative of a percentage increase of a
resting heart rate for the individual over a baseline of the
resting heart rate for the individual.

15. The method of claim 11 wherein the determining the
recovery mformation comprises determining without the use
of any data which was acquired during sleep of the individual.

16. The method of claim 11 wherein the data of the another
recovery marker 1s indicative of a well-being of the 1ndi-
vidual.

17. A recovery determination apparatus comprising;

an interface configured to recerve a plurality of inputs for a

plurality of different recovery markers which corre-
spond to a plurality of characteristics of an individual,
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wherein the mputs comprise data pertinent to the 1ndi-

vidual for the recovery markers while the individual 1s at

rest following a period of exercise by the individual; and

processing circuitry coupled with the interface and config-

ured to:

access the data for the recovery markers;

process the data for the recovery markers; and

using a result of the processing, determine recovery
information which 1s indicative of a state of recovery
of the individual; and

wherein the processing circuitry i1s configured to process

the data for the diflerent recovery markers by weighting
the data for the different recovery markers differently
corresponding to different predictive reliabilities of the
different recovery markers as being indicative of fatigue
of the 1individual.

18. The apparatus of claim 17 wherein the processing cir-
cuitry 1s configured to use the data for the different recovery
markers to determine a plurality of marker scores for respec-
tive ones of the different recovery markers and to determine a
recovery score using the plurality of marker scores.

19. The apparatus of claam 17 wherein the interface
receives the data for the different recovery markers which
pertain to a moment in time when the individual 1s at rest
following the period of exercise by the individual.
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